Introduction
============

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality both worldwide and in the People's Republic of China, and causes a huge and growing economic and social burden.[@b1-copd-9-543]--[@b3-copd-9-543] It is characterized by chronic inflammation and irreversible airflow obstruction, which involves structural changes of the lung.[@b4-copd-9-543] The heterogeneity of COPD is well acknowledged, but the underlying pathogenesis is still not fully understood.[@b5-copd-9-543] Circulating biomarkers are easily accessible and would facilitate a deeper understanding of disease mechanism. Blood biomarkers that distinguish subtypes, stratify disease severity and category, predict disease progression, and monitor treatment response would be particularly valuable.[@b6-copd-9-543]--[@b8-copd-9-543]

Despite a number of studies on biomarkers in COPD, only a few disease-related markers have been identified. Inflammatory markers, including C-reactive protein (CRP), fibrinogen, tumor necrosis factor (TNF)-α, soluble TNF receptor-1, interleukin-6 (IL-6), and IL-8, are reported to be elevated in COPD and related to lung function and acute exacerbation (AE).[@b9-copd-9-543]--[@b13-copd-9-543] Pneumoproteins, including Clara cell secretory protein and surfactant protein D, have recently been identified to be associated with COPD and its clinical phenotypes.[@b14-copd-9-543]--[@b16-copd-9-543] These markers, however, are not specific to innate immune system and neutrophil activation, which is essential in airway inflammation in COPD and acute exacerbation of COPD, although IL-6 and IL-8 were acknowledged to be involved in this process. Therefore, it is rational to look into candidate markers from the perspective of innate immune molecules in airways.

Lipocalins (LCNs) are a family of proteins that are involved in the transport of steroids and lipids into cells. Recent studies have suggested that LCNs serve as mediators in airway inflammation. In the LCNs family, LCN1 and LCN2 have been shown to play a role in pulmonary disease and infection.[@b17-copd-9-543] LCN1 is expressed in tears, lingual sweat, and lower airway glands, and it can be detected in bronchoalveolar lavage fluid (BALF) and sputum.[@b18-copd-9-543],[@b19-copd-9-543] It is believed that LCN1 is involved in innate immune response against bacterial and fungal infections. It can also inhibit oxidation induced by lipid peroxidation products in vitro.[@b20-copd-9-543] LCN2, also named neutrophil gelatinase-associated lipocalin, is constitutively expressed in neutrophilic granules and thus could serve as a marker for neutrophil activity.[@b21-copd-9-543] It is currently widely used to detect and monitor acute renal failure, indicating a potential value in its application in COPD.[@b22-copd-9-543] In addition, LCN2 might serve as a mediator in the inflammation network. It can be unregulated in airway structural and inflammatory cells by stimuli like lipopolysaccharide, TNF-α, IL-1, and IL-17.[@b17-copd-9-543] An increased mortality due to *Escherichia coli* infection in LCN2 knockout mice suggested an antimicrobial function by sequestrating iron.[@b23-copd-9-543] Most excitingly, Nicholas et al[@b18-copd-9-543] discovered a reduced sputum level of LCN1, and Eagan et al[@b24-copd-9-543] reported an increased plasma concentration of LCN2 in COPD patients recently. Taking these facts together, LCNs might have a potential role as a more specific indicator of innate immunity and neutrophil inflammation. However, the relationship of LCN1 and LCN2 with COPD and disease presentation and severity is still to be validated.

To address this issue, we undertook a multicenter prospective observational cohort study to investigate the differences in systemic levels of LCN1 and LCN2 between subjects with COPD and healthy controls. The association of LCN1 and LCN2 with clinical features such as tobacco exposure, lung function, symptoms, disease category, and inflammatory markers was also analyzed.

Methods
=======

Ethics statement
----------------

This study was approved by the Ethics Committee of Zhongshan Hospital of Fudan University, Shanghai, People's Republic of China, and has been registered in the Chinese Clinical Trials Registry (ChiCTR-OCC-11001621). Written informed consent was obtained from all participants.

Definitions
-----------

The diagnosis of COPD was according to the Global initiative for chronic Obstructive Lung Disease (GOLD) definition. Briefly, COPD was considered to be present if postbronchodilator forced expiratory volume in 1 second (FEV~1~)/forced vital capacity (FVC) ratio was less than 0.70.[@b1-copd-9-543] The grading of COPD was based on FEV~1~/%pred.[@b1-copd-9-543] COPD severity was also evaluated according to an A, B, C, or D classification proposed by GOLD.[@b1-copd-9-543]

Nonsmokers were defined as never smokers or ex-smokers with less than 5 pack-years of tobacco exposure and having quit for at least 10 years; otherwise, the subjects were classified as smokers.

Study population and subject enrollment
---------------------------------------

Participants in this study were recruited from Zhongshan Hospital of Fudan University (a comprehensive teaching hospital) and Dahua Hospital (a district hospital) in Shanghai, and Changshou People's Hospital (a district hospital) in Chongqing, People's Republic of China, since December 2011. The last subject was enrolled in October 2012 when the estimated sample size was achieved. Healthy subjects without COPD were recruited as controls.

Participants who had a primary diagnosis of congestive heart failure, bronchiectasis, bronchial asthma, active pulmonary tuberculosis, obstructive bronchiolitis, pneumosilicosis, interstitial lung disease, pleural effusion, diffuse panbronchiolitis, or a history of pneumonectomy were excluded from the study. Patients who had airflow limitation due to abnormalities in large airways were also excluded. Those who had a previous exacerbation of COPD within 4 weeks of admission were excluded.

Subjects with COPD were predominantly recruited from respiratory outpatient clinics and discharged patients from a respiratory ward. Adults aged 45 years and over with a history of spirometry-defined physician-diagnosed stable COPD were screened for further enrollment.

Study procedure and data collection
-----------------------------------

For all participants, clinical data, including age, sex, weight, height, smoking status (never smoker, ever smoker, or current smoker), quantity of tobacco smoking exposure (pack-years), history of respiratory diseases, respiratory symptoms, number of exacerbations in the previous year, comorbid diseases, and family history, were recorded into a case report form. Spirometry was performed according to international guidelines using a calibrated Jaeger^®^ MasterScreen™ PFT spirometer (Jaeger, North Rhine-Westphalia, Germany) before and after inhalation of 400 mcg of salbutamol via spacer. Serum was collected at the time of the study visit for measurement of CRP and biomarkers. All the blood samples were collected in the early morning after fasting for at least 8 hours and before taking medications. Subjects with COPD were also asked to complete a COPD Assessment Test (CAT) and a modified Medical British Research Council (mMRC) dyspnea questionnaire.

Quantification of biomarkers of interest in serum samples
---------------------------------------------------------

Commercial enzyme-linked immunosorbent assay kits from USCN Life Science Inc. (Wuhan, People's Republic of China) were used for measuring IL-6, IL-8, TNF-α, LCN1, and LCN2. The level of protein of interest in serum was determined according to the manufacturer's instructions. Specifically for LCN1 and LCN2, the sensitivity is 25 pg/mL and the detection range is 78--5,000 pg/mL. The samples were diluted to fit into the linear detection range as needed. The percentage of coefficient of variance of LCN1 and LCN2 was 4.6% and 5.7%, respectively.

Statistical analysis
--------------------

Statistical analyses were performed using SPSS version 19.0 (IBM Corporation, Armonk, NY, USA). Group-wise comparisons using all subjects were performed, and correlation analyses were carried out in COPD patients only. The D'Agostino--Pearson omnibus normality test was performed on continuous data. All continuous data were expressed and graphed as mean ± standard deviation. For data normally distributed, unpaired *t*-tests or one-way analysis of variance followed by Bonferroni post-test was performed to determine whether the differences between the groups were statistically significant. Otherwise, comparisons were made using the Mann--Whitney test or Kruskal--Wallis analysis followed by Dunn's multiple comparison test. Correlation analyses were carried out using Pearson or Spearman methods, depending on the normality of the data distribution. For categorical variables, a chi-squared test and Spearman rank correlation analysis were used. Multiple logistic regressions were used for multivariate analysis. Differences were considered significant at the level of *P*\<0.05.

Results
=======

Basic characteristics
---------------------

In this study, 58 patients with COPD and 29 healthy controls were recruited and tested. The demographic data, smoking habits, grade stratified by postbronchodilator FEV~1~, and disease category in the context of GOLD A--D are described in [Tables 1](#t1-copd-9-543){ref-type="table"} and [2](#t2-copd-9-543){ref-type="table"}. Subjects with COPD smoked more heavily than controls. Although the percentage of males was higher in the COPD group, the difference was not statistically significant. There was no statistically significant difference in serum creatinine levels or glomerular filtration rate between the two groups.

Inflammatory biomarkers
-----------------------

As shown in [Table 3](#t3-copd-9-543){ref-type="table"}, serum levels of CRP, IL-6, IL-8, and TNF-α were all significantly elevated in patients with COPD compared with in subjects without COPD.

### Lipocalins

As compared with non-COPD controls, serum LCN1 was elevated in subjects with COPD (66.35±20.26 ng/mL versus \[vs\] 41.16±24.19 ng/mL, *P*\<0.001), and levels of LCN2 were also higher (11.29±3.92 ng/mL vs 6.09±5.13 ng/mL, *P*\<0.001) ([Figure 1A](#f1-copd-9-543){ref-type="fig"} and [C](#f1-copd-9-543){ref-type="fig"}). LCN1 and LCN2 were significantly higher in the COPD group than in both nonsmoker controls and smoker controls (*P*\<0.001). In multiple logistic regression models, the differences in both LCN1 and LCN2 between the two groups remained significant after adjusting for age, sex, smoking habit, smoking quantity (pack-year), and inflammatory biomarkers, including CRP, IL-6, IL-8, and TNF-α.

In our cohort, smoking history and exposure, as quantified by pack-year, seemed to have no impact on systemic expressions of LCN1 and LCN2. In subgroup analysis of both controls and patients with COPD, no differences in either LCN1 or LCN2 were found between smokers and nonsmokers (data not shown). No relationship between pack-year and levels of LCN1 and LCN2 was observed in COPD subjects ([Table 4](#t4-copd-9-543){ref-type="table"}).

In patients with COPD, bivariate associations between specific disease characteristics and serum levels of LCN1 and LCN2 were investigated. Results are shown in [Table 4](#t4-copd-9-543){ref-type="table"} and [Figure 2](#f2-copd-9-543){ref-type="fig"}. Serum levels of LCNs were negatively correlated to CAT and mMRC score. After adjustment for age, sex, smoking habit, and inflammatory marker, CAT and mMRC scores were still significantly associated with levels of LCN1 and LCN2, respectively. Levels of LCNs in patients of grade 2 and 3 seemed to be lower than in patients of grade 1, but the differences were not statistically significant ([Figure 1B](#f1-copd-9-543){ref-type="fig"} and [D](#f1-copd-9-543){ref-type="fig"}). Neither FEV~1~/%pred nor FEV~1~/FVC% was related to levels of LCNs. For COPD patients, disease category by GOLD grade 1--4 or group A--D was not associated with level of LCNs. Patient-reported AEs, body mass index, and blood concentration of TNF-α were also tested, but no relationship with LCNs was found.

Discussion
==========

Our study confirms that circulating levels of LCN1 and LCN2 were both increased in patients with COPD. It is the first study testing serum LCN1 and LCN2 simultaneously in a Chinese population. As compared with the available data in a similar topic,[@b18-copd-9-543],[@b24-copd-9-543],[@b25-copd-9-543] our study involved all of the disease categories as defined by GOLD. In addition to lung function, disease severity was also evaluated using GOLD grouping criteria updated in 2011.[@b1-copd-9-543] In this context, symptoms were quantified, and this study provided the first piece of information on the negative correlation of serum LCNs with CAT and mMRC score. Participants were recruited prospectively and no data were missing. Considering the role of LCNs in immunity and inflammation, systemic LCN1 and LCN2 were tested along with several validated inflammatory markers to exclude potential confounding factors.

In our study, serum LCN1 was elevated in COPD patients as expected. Our finding was in line with several previous human studies on LCN1. LCN1 was found to be significantly upregulated in saliva, nasal lavage fluid, and BALF in heavy smokers compared with in nonsmokers.[@b19-copd-9-543],[@b26-copd-9-543] It was also increased in bronchial secretions of cystic fibrosis patients compared with healthy subjects.[@b27-copd-9-543] On the other hand, the only available study on COPD reported a reduction of LCN1 in induced sputum in patients when comparing with healthy smokers, with its levels correlating to FEV~1~/FVC%.[@b18-copd-9-543] The authors suggested that a decrease in local LCN1 might impair epithelial immune defense and increase risk for infections. Simultaneous measurements of LCN1 in blood and sputum could help to elucidate the controversy.

In previous studies, LCN2 has been found to be elevated in BALF,[@b28-copd-9-543] induced sputum,[@b29-copd-9-543] and blood,[@b24-copd-9-543],[@b25-copd-9-543] and this is consistent with our results. Research by Eagen et al.[@b24-copd-9-543] revealed that LCN2 levels were increased in patients who reported frequent AEs requiring oral steroids, while decreased in those with GOLD grade 3--4 compared with stage 2 and those using inhaled steroids.[@b24-copd-9-543] We also note a decrease in the levels of LCN2 in GOLD stage 2--3 patients, but the differences did not reach statistical significance. LCN2 might have multifaceted functions of inflammation enhancement and infection protection, thus explaining the inverted decrease in an advanced stage of disease. In addition, airway bacterial colonization or exacerbation induced by infection might have a mutual impact on LCN expressions. A longitudinal follow-up of local and systemic levels of LCN2 would clarify the dynamic expression of LCN2 in disease progression and make it a candidate biomarker for disease monitoring. At the same time, LCN2 has been reported to be involved in the pathogenesis of allergic airway inflammation and could be increased in patients with asthma and airway hypersensitivity, which could be overlapped in patients with COPD.[@b17-copd-9-543]

One of the most striking findings of our study was the relationship of LCNs to symptomatic scores. The only study looking into this issue is by Eagan et al.[@b24-copd-9-543] The authors reported that respiratory symptoms, which were defined as chronic cough, phlegm, or dyspnea, were not significantly associated with plasma levels of LCN2. Instead of traditional evaluation methods, we adopted CAT and mMRC dyspnea score, with convenience and validity confirmed in Chinese patients, to quantify symptoms, and showed that more symptomatic patients had lower serum levels of LCNs. Eagan et al[@b24-copd-9-543] reported that frequent exacerbations, another key component of COPD subtype, were related to higher levels of LCN2. Combined with our data, it indicates that LCNs could be potential indicators for defining subtypes. Further research on biological functions of LCNs is warranted to connect these changes to underlying mechanisms, and studies should be performed to include other parameters of disease features.

This study has limitations. First, it is a study with moderate size, and sample sizes across disease categories were unbalanced, which affected the power to detect associations with modest effect. Furthermore, this study was performed as a cross-sectional evaluation, and therefore alterations in LCNs are correlative but not predictive. Besides, the medications for patients were not investigated, and the influence of inhaled corticosteroid on systemic levels of LCNs could not be measured.

Conclusion
==========

We distinguished significant associations of circulating LCN1 and LCN2 with COPD and found a negative relationship with symptoms in patients with COPD. Large-scale and longitudinal studies are required to confirm our findings and validate the value of LCNs as biomarkers for COPD.
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![Comparisons of lipocalins between COPD and control. (**A**) Serum levels of lipocalin-1. (**B**) Serum levels of lipocalin-1 in patients with GOLD grade 1--4 COPD. (**C**) Serum levels of lipocalin-2. (**D**) Serum levels of lipocalin-2 in COPD patients with different disease grade. Data are presented as mean ± standard deviation.\
**Note:** \**P*\<0.001.\
**Abbreviations:** COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1 second; GOLD, Global initiative for chronic Obstructive Lung Disease; %pred, percentage predicted.](copd-9-543Fig1){#f1-copd-9-543}

![Serum levels of lipocalin-1 and -2 in patients with COPD were both negatively correlated to CAT score (**A**) and mMRC score (**B**).\
**Abbreviations:** CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; mMRC, modified Medical British Research Council dyspnea questionnaire.](copd-9-543Fig2){#f2-copd-9-543}

###### 

Basic characteristics of the study population (data expressed as mean ± standard deviation)

                                    Controls      COPD          *P*-value
  --------------------------------- ------------- ------------- -----------
  n                                 29            58            
  Male/female                       18/11         45/13         0.131
  Age, years                        74.5±7.9      73.1±13.0     0.568
  Smoker/nonsmoker                  12/17         40/18         0.016
  Pack-year                         10.8±15.8     31.0±32.8     0.005
  FEV~1~, postbonchodilator         1.627±0.615   0.944±0.341   \<0.001
  FEV~1~%pred, postbronchodilator   71.5±5.0      48.3±19.5     \<0.001
  FEV~1~/FVC%                       80.1±9.3      53.9±10.4     \<0.001

**Abbreviations:** COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1 second; FVC, forced vital capacity; %pred, percentage predicted.

###### 

Severity distribution of subjects with COPD

  Grade as classified by lung function, n (%)   Group as classified comprehensively by lung function, symtoms, and acute exacerbation frequencies, n (%)[a](#tfn2-copd-9-543){ref-type="table-fn"}             
  --------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------- --------- -----------
  Grade 1                                       5 (8.6)                                                                                                                                              Group A   1 (1.7)
  Grade 2                                       22 (37.9)                                                                                                                                            Group B   3 (5.2)
  Grade 3                                       23 (39.7)                                                                                                                                            Group C   10 (17.2)
  Grade 4                                       8 (13.8)                                                                                                                                             Group D   42 (7.2)

**Note:**

Group A is typically GOLD grade 1 or 2 and/or ≤1 exacerbations per year and mMRC score \<2 or CAT score \<10; group B is GOLD grade 1 or 2 and/or ≤1 exacerbations per year and mMRC score ≥2 or CAT score ≥10; group C is GOLD grade 3 or 4 and/or ≥2 exacerbations per year and mMRC score \<2 or CAT score \<10; group D is GOLD grade 3 or 4 and/or ≥2 exacerbations per year and mMRC score ≥2 or CAT score ≥10.

**Abbreviations:** CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; GOLD, Global initiative for chronic Obstructive Lung Disease; mMRC, modified Medical British Research Council dyspnea questionnaire.

###### 

Comparisons of inflammatory biomarkers between COPD and controls (data expressed as mean ± standard deviation)

                  Controls      COPD          *P*-value
  --------------- ------------- ------------- -----------
  CRP (mg/L)      3.86±3.75     7.50±5.46     0.021
  IL-6 (pg/mL)    23.41±12.86   39.21±27.34   0.036
  IL-8 (pg/mL)    21.70±18.61   47.12±30.00   0.001
  TNF-α (pg/mL)   73.46±50.44   112.7±80.20   0.071

**Abbreviations:** COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-α.

###### 

Correlation analysis between serum levels of lipocalins and disease features in patients with COPD

                                       Lipocalin-1 (ng/mL)   Lipocalin-2 (ng/mL)            
  ------------------------------------ --------------------- --------------------- -------- ---------
  Smoking (pack-year)                  0.146                 0.284                 0.016    0.906
  FEV~1~%pred                          0.048                 0.724                 0.183    0.178
  GOLD grade 1--4                      −0.185                0.173                 −0.153   0.261
  FEV~1~/FVC%                          −0.005                0.972                 −0.057   0.679
  CAT score                            −0.578                \<0.001               −0.534   \<0.001
  mMRC score                           −0.272                \<0.001               −0.301   \<0.001
  GOLD group A--D                      −0.081                0.555                 −0.191   0.158
  Number of AEs in the previous year   0.081                 0.553                 0.126    0.355
  TNF-α (pg/mL)                        0.024                 0.865                 0.113    0.418
  BMI                                  −0.029                0.833                 0.152    0.264

**Abbreviations:** AEs, acute exacerbations; BMI, body mass index; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative for chronic Obstructive Lung Disease; mMRC, modified Medical British Research Council dyspnea questionnaire; %pred, precentage predicted; TNF-α, tumor necrosis factor-α.
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